Objective: to assess the influence of immobilization upon vitamin D status and bone mass in chronically hospitalized, disabled, elderly patients following stroke. Design: cross-sectional study. Setting: department of geriatric neurology in a Japanese hospital. Subjects: 129 chronically hospitalized, disabled, elderly stroke patients and 28 age-matched controls. Results: we observed a deficiency of both 1,25-dihydroxyvitamin D (1,25-[OH] 2 D; 24.3 pg/ml) and 25-hydroxyvitamin D concentrations (25-OHD; 11.7 ng/ml) in stroke patients compared with controls. A high serum ionized calcium (mean; 2.648 mEq/l) was an independent determinant of the Barthel index (66) 
Introduction
There is a high incidence of hip fracture in stroke patients [1] [2] [3] [4] [5] , especially elderly women (odds ratio, 2.0) [6] . The relationship between immobility and osteoporosis is well established [7] . We have previously reported that, following hemiplegic stroke, bone loss on the paralysed side is proportionate to the degree of paralysis and to vitamin D deficiency [8, 9] .
To assess skeletal status in chronically hospitalized, elderly patients with stroke, we measured bone changes and biochemical indices of bone metabolism and turnover.
Methods
Stroke patients from the Futase Geriatrics Hospital (a long-term care unit) in Iizuka, Japan, were screened by history and chart review. Exclusion criteria included: age younger than 65 years, total disability, quadriparesis, less than 2 years of hospitalization, diseases or use of medications that might interfere with vitamin D metabolism, primary disease other than stroke or time spent outside the hospital during the past 6 months. Also, patients with stroke were excluded if they had other known causes of osteoporosis, such as hyperparathyroidism or renal osteodystrophy; impairment of hepatic, renal (serum creatinine > 2.0 mg/dl), cardiac or thyroid function. Of 321 individuals screened, 129 (70 women and 59 men) were eligible to participate in the study. Informed consent was obtained from all patients in the presence of a witness.
According to the Classification of Cerebrovascular Diseases III of the National Institute of Neurological Disorders and Stroke [10] , strokes were classified as brain infarction (n = 59), brain haemorrhage (n = 23), subarachnoid haemorrhage (n = 10) and vascular dementia with features of parkinsonism (n = 37). Of these, 89 patients had hemiplegia.
As controls, 28 age-matched residents of the local community (14 women and 14 men) with no vertebral fractures were recruited.
Data collection
We collected data from July 1996 to August 1996 (the summer season in Japan). The Barthel index (BI) [11] and duration of illness were recorded for all patients. Body mass index and hand grip strength on the intact side in hemiplegic patients and on the right side in nonhemiplegic subjects were recorded for patients and controls.
On the day of bone evaluation for patients and controls, a fasting blood sample was obtained in the morning. 25 [12] ), pyridinoline cross-linked carboxy-terminal telopeptide of type I collagen (ICTP; an osteoclastic bone resorption marker [13] ) and ionized calcium concentrations were measured in patients and control subjects, as described previously [9] .
Plain radiographs of the right hand in nonhemiplegic patients and the intact side in hemiplegic patients were used to determine bone changes based on an aluminium step scale. Bone mineral density (BMD) was calculated at the centre of the second metacarpal using computed X-ray densitometry as described previously [14, 15] .
Vitamin D intake was determined in patients by a 7-day food record. Information on sunlight exposure was obtained from the patients' hospital charts.
Data are presented as means Ϯ SD. Student's t-test was used to assess the significance of differences between stroke patients and controls. Spearman's rank correlation coefficients were calculated to determine the relationship between each variable. Multivariate linear regression analysis was used to estimate the independent effects of predictor variables on BMD, BI or 1,25-[OH] 2 D in stroke patients. One-way ANOVA and Fisher's protected least significant difference were used to assess differences between the three stroke groups categorized by 25-OHD levels. P values of < 5% were considered statistically significant.
Results

Clinical characteristics of study subjects
Results are presented in Table 1 . Group composition did not differ between patients and controls with respect to age or gender. Grip strength and body mass index were lower in patients than in controls. Mean duration of hospitalization was 4.6 years. Mean BI score was 66. Thus, all patients had limited mobility that prevented them from venturing outdoors and consequently they were in a sunlight-deprived state. Ten patients (8%) consumed less vitamin D than the Japanese recommended daily allowance (100 IU). All 70 female patients were postmenopausal.
Serum indices of bone metabolism and bone mineral density
The mean serum concentrations of 25 
Correlation of 1,25-[OH] 2 D concentration with serum levels of 25-OHD
Serum 25-OHD concentration was defined as deficient when less than 10 ng/ml, insufficient at 10-20 ng/ml and sufficient when exceeding 20 ng/ml [9] . No significant difference in the mean 1,25-[OH] 2 D levels between the three groups was noted (ANOVA, P = 0.39). The serum concentrations of 1,25-[OH] 2 D were 23.1 Ϯ 12.0 pg/ml in patients with deficient levels of 25-OHD (n = 55), 24.9 Ϯ 12.4 pg/ml in patients with insufficient levels (n = 68) and 29.7 Ϯ 11.7 pg/ml in patients with sufficient levels (n = 6).
Discussion
Previous studies have evaluated the vitamin D and calcium status of patients in long-term care [16] [17] [18] [19] [20] . 25-OHD deficiency with compensatory hyperparathyroidism has been described in this population [17, 19, 20] . These studies showed 25-OHD deficiency caused by sunlight deprivation and low vitamin D intake [17] [18] [19] [20] is associated with only a slight decrease in the concentration of 1,25-[OH] 2 D (the most active metabolite form of vitamin D) in old people in nursing homes [19, 20] . The populations studied have had a wide variety of medical diagnoses, including stroke. We examined elderly patients who were hospitalized chronically for the sequelae of stroke to assess the bone status of this population. The mean serum 25-OHD concentration in our population was similar to that previously reported for elderly people in nursing homes [17] [18] [19] [20] . Generally, immobilization-induced hypercalcaemia is associated with conditions in which bone turnover is high, as in children or adolescents with acute neurologic diseases (such as poliomyelitis or spinal cord injury [21] [22] [23] [24] [25] ). The serum ionized calcium level is chronically low in isolated 25-OHD deficiency, resulting in feedback stimulation of the parathyroid glands, which causes secondary hyperparathyroidism.
In the present study, PTH was normal or low and no correlation between 25-OHD and PTH was found. Thus, compensatory hyperparathyroidism may not occur in spite of 25-OHD deficiency because inhibition of the parathyroid gland by hypercalcaemia may have overshadowed compensatory PTH secretion. We Hypovitaminosis in hospitalized stroke patients 267 2 D production in the kidney. Since calcium was an independent determinant of BI, the hypercalcaemia may be caused by immobilization. The observed 25-OHD deficiency due to sunlight deprivation has been previously reported [9] .
In addition, we demonstrated that BI, 25-OHD and 1,25-[OH] 2 D were the independent determinants of decreased BMD in this population. This finding suggests that immobilization may cause hypovitaminosis D. In hemiplegic stroke, dependency in the activities of daily living results in decreased mobility of the contralateral limb, as evidenced by weakness in the fingers of the contralateral side compared with controls. Weakness also occurred in non-hemiplegic patients as reflected in low activities of daily living scores. Osteopaenia was not due to weakness in the hand used for BMD measurement or PTH concentration, since no correlations were observed between BMD and hand grip strength or PTH concentration.
In the older, long-term care stroke patients assessed in this study, bone remodelling may almost reach equilibrium, resulting in a steady rate of bone loss [26] . Indeed, decreases in the serum BGP and ICTP concentrations were observed and biochemical indices of bone turnover did not differ significantly between genders-probably because older patients were used in this study. ICTP was an independent determinant of BI. This indicates that prolonged immobilization results in increased bone resorption. 
